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REMARKS 

Claims 1-10 and 20-29 are all the claims presently pending in the application. Claims 11- 
19 have been canceled. Claims 24-29 have been added to claim additional features of the 
claimed invention. Claims 1-8, 10 and 20-23 have been amended to further define the invenuon. 

It is noted that the claim amendments are made only for more particularly poinung out 
the invention, and not for distinguishing the invention over the prior art, narrowing the clanns or 
for any statutory requirements of patentability. Further, Applicant specifically states that no 
amendment to any claim herein should be construed as a disclaimer of any interest in or nght to 
an equivalent of any element or feature of the amended claim. 

Applicant notes that claims 20-23 are not subject to any prior art rejections. Therefore, 
these claims would presumably be allowable if the alleged informalities therein are addressed. 
Claimsl-2,6-10and20-23 standrejectedunder35U.S.C.§H2,secondparagraph as 

allegedly being indefinite. 

Claims 1-4 and 6-10 stand rejected under 35 U.S.C. § 102(e) as allegedly unpatentable 
over Bachmann et al. (U. S. Pat. No. 5,067,793). Claim 5 stands rejected under 35 U.S.C. § 
103(a) as being allegedly unpatentable over Bachmann et al. in view of Rau et al. (U.S. Patent 
No. Re. 30,883). 

These rejections are respectfully traversed in view of the following discussion. 

I THE CLAIMED INVENTION 

The claimed invention (e.g., as defined by claim 1) is directed to an optical fiber preform 
from which an optical fiber is made by drawing. The preform includes at least one layer and has 
a value V, r ~r fr— " " f » ™ cositv distrib utior, which is greater than 7.60 

^ ^^.^latatemnerature T, which is a temperature at which the maximum value 
V 0 [log(poise)] of radial viscosity distribution of the optical fiber in inside area 1S 7.60 
tlog(poise)] in inside and outside area equivalent to two times of mode field diameter on winch 
light at wavelength of about 13 85nm propagates through an optical fiber made by drawing the 
preform. 

A transmission loss in a conventional optical fiber rises sharply at a wavelength of about 
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ffll.^WJltalHIi^ ThisiscauaedbyavtabonofanOH 
coined in d» optical fiber which absorbs Ugh, a, this wavetagth (Apphcabon a, page 

3, lines 9-10). . . , 

The clawed invention, on the other hand, includes a preform havia^Mna^ 

ZLrtmJ* (•*. a temple at which memaximum value V o[ log(poise)] of ra<hal 
-^^butionofthe optical fiber in inside area is 7.60 [logCpoise)]) (AppUcat^on a^page 

4, lines 13-24; Figure 5). In the claimed invention, even if the optical fiber pulled from*, 
preform is exposed to a hydrogen atmosphere, a rise in the transmission loss (e.g an OH peak) 
at a wavelength of 1 385 nm may be suppressed by controlling a radial viscosity dxstnbutxon (e.g., 
around the softening temperature of the preform) (Application at page 9, lines 10-14). 

H THE 35 USC 112, SECOND PARAGRAPH REJECTION 

The Examiner alleges that claims 1-2, 6-10 and 20-23 are indefinite. Applicant would 
point out, however, that these claims have been amended to address the Examiner's concerns. 
1 In particular, with respect to the Examiner's allegation that "it is unclear whether the 

applicant is clahning the preform orthe optical fiber" m claims 1 and 20, AppUcant respectfully 
submits that claim 1 is clearly directed to a preform and claim 20 is clearly directed to an optical 

fiber. . , . 

Further, with respect to claim 20 and the Examiner's allegation that "it ,s not clear how 
the Umitations of the preform (properties) would define the final product over a final product 
made from another preform", Applicant respectfully submits that the Application clearly 
explains how a radial viscosity distribution in the preform may be controlled to improve a 
transmission loss in an optical fiber drawn from the preform (e.g., see Application at page 9, 
line. 10-14). That is, an optical fiber may clearly be defined by the preform from winch the 

optical fiber is drawn. 

In view of the foregoing, the Examiner is respectfully requested to withdraw tins 

rejection. 



8 



PACE 9/28 • RCVD AT 8/9/2005 9:49:20 PM [Eastern DayOflht Time] * SVR:USPTO-EFXRF-6/26 * DN1S:2738300 ■ CSID:70376 12375 " DURATION (mm-ss): 10-40 



08/09/2005 21:50 FAX 7037612375 



McGinn&Glbb.PLLC 



-> USPTO 



Hioio 



App. Ser. No. 10/634,779 
Docket No. SH-0037US 
RYU.014 

in. THE ALLEGED PRIOR ART REFERENCES 
A. Bachmann 

The Examiner alleges that Bachmann teaches the claimed invention of claims 1-4 and 6- 
10. Applicant would submit, however, that there are elements of the claimed invention whxch 
are neither taught nor suggested by Wilhelm. 

Bachmann discloses a single mode optical fiber having a core and at least one claddmg 
la yer with a refractive index which is smaller than the refractive index of the core (Bachmann at 
col. 4, lines 13-25). 

However Bachmann does not teach or suggest a preform haying | maximum value Vjt 
Qog fcoise)] ofata d jal viscosity distribution which is preater th.n 7 60 [logfcoisell at a 
tesperMureX, (e.g., a temperature at which the maximum value V 0 [log(poise)] of radud 
v 1S cosity distribution of the optical fiber in inside area is 7.60 [lo g (poise)]) (Application at page 

4, lines 13-24; Figure 5). 

As noted above, the claimed invention may control a radial viscosity distribution (e.g., 
around the softening temperature of the preform). Thus, unlike conventional preforms, m the 
claimed invention, even if the optical fiber pulled from the preform is exposed to a hydrogen 
atmosphere, a rise in the transmission loss (e.g., an OH peak) at a wavelength of 1385 nm may 
be suppressed by (Application at page 9, lines 10-14). 

Clearly, these features are not taught or suggested by Bachmann. Indeed, on page 6 of 
the Office Action, the Examiner alleges that the viscosities and radial viscosity distribution m a 
preform are properties inherent to the materials. Applicant submits that this is not correct. 

Specifically, Applicant would point out that Bachmann merely discloses "a tube 4 of 
quartz glass, manufactured from quartz crystals of synthetically ..." (Bachmann at col. 3, hues 
15-16) However, Bachmann fails to teach or suggest the features of the claimed mventron. 
Indeed, nowhere does Bachmann even teach or suggest a "radial viscosity distribution of the 
optical fiber" , an optical fiber preform with a small rise in transmission loss caused by a 
hydroxyl (OH) group, nor a "mode field diameter on which light at wavelength of about 1385nm 
propagates through an optical fiber made by drawing the preform". Thus, Bachmann certamly 
does not teach or suggest a preform h .v w * maximum value Vq Porfl^l <«* radial viscosity 
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distribute which is greater than 7.60 floWnoise)! at a temperature T„ (e.g., a temperature at 
which the maximum value V 0 [log(poise)] of radial viscosity distribution of the optical fiber in 

inside area is 7.60 [log(poise)]). 

In fact, AppUcant would point out that a purpose of the claimed invention is to provide an 
optical fiber preform which may provide (e.g., in an optical fiber drawn from the preform) a 
smaH ri RR in tran srajsgion loss caused by the OH peak at a wavelength of about 1385 nm . 
Certainly, nowhere is this taught or suggested by Bachmann. 

As a matter of fact, AppUcant notes that many researchers had been executing 
examinations by means of the several methods to decrease the rise of the OH peak at a 
wavelength of about 1385 nm, but such examinations have typically resulted in failure. Indeed, 
Applicant submits that this issue has hardly been solved by researchers. For example, such issue 
was addressed by Chraplyvy et al. (U. S. Patent No. 6,205,268), a copy of which is attached 
hereto for the benefit of the Examiner. 

Therefore, Applicant would respectfully submit that there are elements of the claimed 
invention that are not taught or suggested by Bachmann. Therefore, the Examiner is 
respectfully requested to withdraw this rejection. 

B. Rau 

The Examiner alleges that Bachmann would have been combined with Rau to form the 
invention of claim 5. AppUcant would submit, however, that these references would not have 
been combined and even if combined, the combination would not teach or suggest each and 
every element of the claimed invention. 

Rau discloses a method of producing a fluorme-containing synthetic quartz glass in 
which a hydrogen-free siUcon compound is heated in a hydrogen-free gas stream while the gas 
stream is passed through an induction coupled plasma burner (Rau at Abstract). 

However, Applicant would submit that these references would not have been combined 
as alleged by the Examiner. Specifically, in contrast to Bachmann which is directed to a method 
of making a single mode optical fiber, Rau is merely intended to improve a method of producing 
fluorine-containing synthetic quartz glass. Thus, Rau is unrelated to Bachmann, and no person 
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of ordinary skill in the art would have considered combining these disparate teferences,^bsent 

im permissihle hindsight . 

Further, Applicant would submit that the Examiner can point to no motivation or 
suggestion in the references to urge the combination as alleged by the Examiner. Indeed, 
contrary to the Examiner's allegations, neither of these references teach or suggest the* 
combination. Therefore, Applicant would respectfully submit that one of ordinary skill in the art 
would not have been so motivated to combine the references as alleged by the Examiner. 
Therefore, the Examiner has failed to make a prima facie case of obviousness . 

Moreover, neither Bachmann, nor Rau, nor any combination uiereof, teaches or suggests 
a preform hayjng » maximum value Vn f loKp o ise )! of * radial visco sit y distribution which is 
?r „*„ th an 7.60 rior(r" ; -)l * a temperature T.fe.g.. atemperature at which the maximum 
value V 0 [log(poise)] of radial viscosity distribution of the optical fiber in inside area is 7.60 
[log(poise)]) (Application at page 4, lines 13-24; Figure 5). As noted above, unlike 
conventional preforms, in the claimed invention, even if the optical fiber pulled from the preform 
is exposed to a hydrogen atmosphere, a rise in the transmission loss (e.g., an OH peak) at a 
wavelength of 1385 nm may be suppressed by (Application at page 9, lines 10-14). 

Clearly, these features are not taught or suggested by Rau. Indeed, the Examiner 
attempts to rely on col. 2, hues 1 1-32 and 39-43, and col. 3, lines 30-37 in Rau to support his 
allegations. However, nowhere do these passages teach or suggest the novel features of the 
claimed invention. 

In fact, as noted above, these passages in Rau merely disclose a method of producing 
fluorine-containing synthetic quartz glass. Nowhere do these passages even teach or suggest a 
preform or a radial viscosity distribution in a preform. Certainly, these passages do not teach or 
suggest a preform having » ^ m um value Vo [loj&pii^ of. radial viscosity distribution 
»,wh ic prater than 7 *Q flngfooiseM at a temperature 

Thus, like Bachmann, Rau is unrelated to the claimed invention. Thus, Rau clearly does 
not make up for the deficiencies in Bachmann. 

Therefore, Applicant would submit that these references would not have been combined 
and even if combined, the combination would not teach or suggest each and every element of the 
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IV FORMAL MATTERS AND CONCLUSION 

' Applicant no,e* W chum 7 h. been amended ,o address ft. Bo*-* ob^echons 

U,ere, ° to view of .he foregoing, AppUcan. enhnut, ft* claims .-10 and 20-29, aU fe d*, 
presently pending in .he application, are patently disnnc. over me prior an of record and are m 
Wml mr alliance. The B^aminer i S respect re^r^ed U, pasa me above appl.ca.ron to 

issue at the earliest possible time. 

Should the Examiner find the application to be other than in coadition for allowance, the 
Examiner is requested to contact the undersigned at the local telephone number listed below to 
discuss any other changes deemed necessary in a Mateic^^ 

The Commissioner is hereby authorized to charge any deficiency in fees or to credrt any 
overpayment in fees to Attorney's Deposit Account No. 50-0481. 



Date 



Respectfully Submitted, 

Phillip E. Miller, Esq. 
Registration No. 46,060 



McGiun & Gibb, PLLC 

8321 Old Courthouse Road, Suite 200 
Vienna, VA 22182-3817 
(703) 761-4100 
Customer No. 21254 
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CERTIFICATE OF FACSIMILE TRANSMISSION 

I hereby certify that the foregoing was filed by facsimile with the United States Patent 
and Trademark Office, Examiner Elizabeth Ivey, Group Art Unit # 1775 at fax number (571) 
273-8300 this OK day of yky-vf 2005. 



Phillip E. Miller 
Reg. No. 46,060 
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(57) ABSTRACT 

A high-capacity optical fiber network [100, 200] includes 
wavelength-division multiplexing (WDM) wiLhin ibe 1.4 
micron (/on) wavelength region (Le., 1335-1435 om). Such 
a system includes optical fibcT [130] whose peak loss in the 
1.4 um region is less than its loss al 1310 nm. The optical 
fiber has a zero dispersion wavelength (Xq) al about 1310 
nm, and linear dispersion between about 1.5 and 8.0 ps/nra- 
km within the 1.4 /mi region. At least three WDM channels 
operate at 10 Gb/s in the 1.4 pm wavelength region and have 
a channel separation of W0 Gllz. In one illustrative embodi- 
ment of the invention, a broadcast television channel, having 
amplitude modulated vestigial sideband modulation, simul- 
taneously operates in the 1 .3/rm region (i.e., 1285—1335 nm) 
and/or the 1.55 region (i.e., 1500-1600 nm). In another 
embodiment of the invention, 16 digital data channels are 
multiplexed together in the 1.55 jam region, each channel 
operating at about 2.5 Gb/s. Raman amplifiers [103, 113] are 
used for amplification io the 1.3 /2m and the 1.4 fan wave- 
length regions, whereas an Erbium amplifier [123] is used 
for amplification m the 1.55 /an wavelength region. 

28 Claims, 5 Drawing Sheets 
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_ _ ^--vt,^ metures In e- articular, when multiple wavelengths such as 

ARRANGEMENT OF OPTICAL -™ER « transmitted on Tsingle fiber, stimulated 

SEGMENTS ™» °* R.mwSrine (SRS) causes energy to be transferred 

NONUNEARlTU!.!> fonj ^ ^ inlQ wa veleaglh region lhal 

rnnss REFERENCE TO RELATED s is as much as 120 nm longer. At Ihe presenltime, there are 

CROSS R ^=NCE T^RELAJ boj QQ lhat provide WDM and analog TV signals over 

the same optical fiber. 

This invention is a Conlinualion-In-Pail or Apph'cuJtiuo Jf h&& bc6Q obseTVCd ^ the article entitled: Fabrication Of 

Sen No. 09/116,52*1, U.S. Pat. No. 6,011,892 that was filed 0,^1^5, OH-Free V.A.D. Fiber in Electronics Letters, 

on Jun. 16. 1998; which is a division of Sec No. 08/862^05 50 ^ jqroVoI. 16 No. 19, that a completely OH-tVcc 

is now U.S. Pat. No. 5,831,761 that was filed on May 23, optical fiber, with no loss peaks due to OH ions at any 

1997, which is a continuation of Sex. No. 08/599,702 is now waV eleogths in the loss spectrum from ultraviolet to 

U.S. Pat. No. 5,719,696 that was filed on Feb. 9, 1996; infrared, has been desired for some time; and that such a 

which is a division of 0869821 U.S. Pal. No. 5,^87^30 that fifaer ^ plQy fln ^0^^ ro le as a transmission medium 

was filed on May 28, 1993. 15 for WDM svslems. However, this article provides no iofor- 

_ ntrvrt ,., AT mation regarding the dispersion characteristics of such a 

TECHNli .AT , FIELD flbcfi aDd it provides do information regarding the allocation 

This invention relates to singlcmodc optical fiber systems. ofoptical channels within the usable loss spectrum of optical 

and more particularlv to wavelength-division multiplexing fiber. _ . 

(WDM) on such systems. 20 For these and other reasons, an optical transmission 

v system that is compatible with apparatus that was designed 

BACKGROUND Of THE INVENTION for convcnt ional singlcmodc fiber systems, which permits 

Dispersion is a phenomenon whereby different optical WDM operation without ^^^ B ~ h ™ K 
wave^ngths travel different speeds ^rough a dispersive ^ 

media such as glass. And since a modulated carrier signal and analog I V signals, v, nu u n & 
c^r^ many wavelengths, the optical signal that apphcati on discloses such a system, 
emerges from the distant end of a glass fiber is a smeared TERMINOLOGY 
version of the signal that was launched into the near end. In ^ ^ 
the case of linear dispersion, this is solved by periodically Conventional Fiber— Singlcmodc glass fiber that is char- 
providing compensation along an optical fiber route, aud ac terized by a dispersion null at about 1310 nm, minimum 
fewer compensation stages arc better. loss at about 1550 nm, and a region of high loss at about 
Conventional singlemode fiber systems primarily operate 1385 nm that is attributable to the absorption of optical 
in the wavelength region between 1285 and 1335 nanoru- eneTgy by bydroxyl (OH) 10ns. 

etcrs (nm) and have a zero-dispersion wavelength at about 3S Dispersion— When used alone, this term refers to chro- 
1310 nm. However, the optical fiber used in such systems is dispersion — a linear effect due to wavelength- 
poorly suited for transmitting multiple closely spaced carrier dependent velocity within the carrier spectrum, 
wavelengths because of nonlinear interactions and mixing Span— Reference is made here to a length ofoptical fiber 
between the channels. The limiting form of such nonlinear having no regenerators. This length, which likely includes 
phenomena— 4-pboton mixing (4PM>— is described in the ^ ^ cal amplifiers, is the distance between stations at which 
literature (see e.g., article by D. Marcuse, A- Chraplyvy and ^ faas bc/CR convened to/from electronic term 
R. Tkach entitled: "Effect of Fiber Nonlinearity on Long- ( com monjy the distance between nearest signal 
Distance Transmission," Journal of Lightwave Technology, regenerators). This span may define an entire system, or may 
vol. 9, No. 1, January 1991, pp. 121-128). Briefly, 4PM bc ^^^3 with one or more additional spans, 
appears as a fluctuating gain ot loss due to constructive and 45 Ave Svstem Wavelength— a specific wavelength 
destructive interference between different signal channels. dele/nlulcd by ' the arithmetic average of the carrier frequen- 
Thc magnitude of 4PM is power dependent and may be ^ rf & of WDM channels. 

reduced by decreasing launch power. Wavelength Region-^ shorthand expression for a pax- 
Mulli-chauncl optical systems provide the most efficient ^ o£ wavclcngtbA . ihe 1.3 micron (//m) wave- 
use of an optical fiber and include wavelength-division 5 u ffi . fa defincd ^rein to include aU wavelengths 
multiplexers, which operate 10 combine an number ot bcl ^ een 12 $5 and 1335 nm; the 1.4 ,<m wavelength region 
closely spaced channels (wavelength regions) onto tt single ^ dcfitlcd herein to include all wavelengths between 1335 
optica I path in one direction of transmission, and to separate ^ ^ l 5 _ ^ WftVcleDglD reg ion is defined 
them from the optical path in the other direction of trans- j ^ wavc i engths between 1500 and 1600 
mission. And while conventional singlemode fiber systems 55 w 

do provide WDM operation in the L55 Jim wa £^* WD M-Wavelengtb-Di vision Multiplexing. Situation 

region, there is too much linear Aspersion (e g about 17 WUM wa 1 B channels, each having a 

ps/nm-km) that needs to * Cerent centra, wavelength, are combined onto a single 

compensauon is reared every 50 to 100 kilometers, which transmission path such as an optical fiber, 

is an impractical short distance. 60 Lltm ^ 4 ^ 

Contemplated uses of optical fiber include the transmis- SUMMARY OF THE INVENTION 

sion of aU type of digital cod analog ^^nn^^ Wc ^ discovcr ed lha i the above-described deficiencies 

i^-mriiLelv and loirelher. Particular uses include data (such as we nave oi&covcicu luil ius 

X»et "ra^weU as broadcast television (TV) signals, of prior art systems can be overcom, wo an opUea l«- 
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-i ^ n \ m about 1310 dtd and the fact that a plurality of wavelength «lrvxsioo multiplexed 
a zero dispersion wavelength (^) at .about ^o",^ channels are operating in the 1.4 fim wavelength 
linear dispersion between about 1.5 and 8 0 P^*" JJ^fi ^435^). Additionally, the WDM chan- 
within the lAsm wavelength region. This snjaU-but^Uical ^ ^ optical Wr with analog CATV signals 
amount of dispersion significantly reduces the enec* 01 lhc 13fan wavelength region (i.e 128S-133S 
four-photon mixing. In its broadest terms, the present -lovea- s r and other WDM channels operating in lhc 1.55 /mi 
tion reflects a number of observations including: (1) four- wa C clcng ,h region (i.e., 1l5U0-1600 am). Ulnstia lively, four 
photon mixing is a relevant mechanism that must be con- fl ^ channcls having carrier wavelengths Q^ Jt 
sidered in the design of WDM systems; (u) sumulated x\ U e shown, each carrier being modulated in 
Raman scattering from WDM channels has an adverse effect m at a data rate of 10 gigabits per second 
on analog signal transmission at 1550 nm, and(ui) desirably, 10 , Qb ^ Such chantlc i s ore effective for transmitting a sub- 
new WDM systems should he Tcvcrsc compatible with amount of digital information including telephony, 
apparatus used in conventional singlemode fiber systems. ^ vjdco These channels arc illustratively clustered 
It is an advantage of the present invention that by posi- aroun d 1400 nm and have a center-to-center channel spacing 
tioning WDM channels in the 1.4 /on wavelength region, the f 100 g iga hcrtz (GHz). And while four channels are shown, 
wavelength regions around 1310 nm and 1550 nm arc q gfcatCT or ]esscr nU rnber may be used. Additionally, 
available for use by equipment that has traditionally oper- chann cl spacing may be greater or lesser than 10O OHz as 
ated in these regioos. determined by the network designer based on considerations 
It is another advantage of the present invention tbat by suc b as amplifier bandwidth as well as the availability and/or 
positioning WDM channels in the 1.4 fan wavelength cost of associated apparatus snch as multiplexers and dcmul- 
Lion where dispersion is less than about 8 ps/nm-km. tiplexers. Transmitter Ul-1 receives uiput data at the 10 
dispersion compensation can be avoided in most metropoh- G b/s rate and modulates a coherent Ugbt source whose 
tan optical transmissions systems where distances arc cominaL wavelength, > w is about 1400 am. The , optocal 
shorter than about 200 kilometers. signals are then fed into an optical multiplexer 112 whose 
It is yet another advantage of the present invention that by task is 10 combine j. plurality of inputs^ each one having a 
poSSS«WDM channels in the 1.4 /mi wavelength 25 different wavelength, onto a single output portUa 
r CR ion, a substantial buffer (about 120 om) exists lo protect Additionally, sixteen digital channels are shown in the 
analog signals, such as broadcast television, operating at 1.55 wavelength region, each channel comp^ing a 
1550 from SRS noise. carrier that is modulated in transmitter 121 at £ 25 Qo/srate. 
In illustradve embodiments of the invention, Raman 30 

S^SGk* operas in A 1,5 ^ region. ^J^-^ 

llRllil' DliSCRl^HON Ol'lllU DRAWING ^ Additionally, channel spacing may be greater or 

•11 u * irarr than 100 GHz as determined by the network designer 

■Jhe invention and its mode of ?P^*^"J^^ £S SSS« such as amplifier bandwidth as well 

clearly understood from ^ following delated _ description based ^ Qf ^ h w 

when read with the appended drawing in which. ^Lkxets and demultiplexers. The optical signals from 

WG. 1 discloses a hrst embodiment of a high-capacity frmJ ^, itlws 12 i are fed into optical multiplexer 122 whose 
optical fiber network including WDM channels m the lAftm 40 ■ & ^ ^ mbinc a plurality of inputs, each one having a 

wavelength region operating at a speeds of up to lO W wavelength, onio a single output port 210. 

each, and WDM channels in the 1^55 /<m wavelength region ^ multiplexing and demultiplexing is frequently 

operating at a speeds of up lo 2.5 Gb,s eacro; accomplished via a pair of star couplers that arc intercon- 

FIG. 2 discloses a second embodiment of a rugh-capacity ^ miical grating (i.e., □ number of parallel 

optical fiber network including WDM channels in the 1.4 f*m *- wavcguid c S _- e ach differing in length with respect to its 

wavelength region operating at speeds of up to 10 Gb/s ,eacn, Qearc * t nciRQb or by a predetermined fixed amount), 

and an analog CATV channel in the 1-55 //m wavelength £xamplcs Q f ^ devices are shown in U.S. Pat. Nos. 

region; 5,002350 and 5,136,671 and 5,412,744. In one direction of 

RG. 3 is a graph showing the chromatic (linear) d^per- optical transmission, the multiplexer can be used as a 

sion and transmissiori loss characteristics of an optical fiber, mil i t ipi e xer wherein a plurality of separate and distinct 

which is used in the present invention; wavelengths (X u , >. l2 , ... Xj^) are launched into different 

FIG 4 is a flow chart diagram of a commercially viable mvut ports o{ ooc ^ coupler and emerge on a single output 

technique for making the optical fiber used in the present port 0 f the other star coupler. In the other direction of optical 

invention; 55 transmission, the multiplexer functions as a demultiplexer 

FIG 5 generally illustrates the fabrication of a core rod by " wherein a plurality of different wavelengths are launched 

the vacor axial deposition process; . into a single port of one star coupler and emerge on multiple 

HG 6 shows a^ss section of an optical fiber preform, ports of the other star coupler according to their particular 

which is used for drawing glass fiber used in the present wavelengths. 

of 1500 nm. amplify optical signals directly without having to convert 

DETAILED DESCRIPTION <5 them into an electrical signals for electronic amplification 

HG.ldisclosesaKgh-^ ^^^^^^r^^^^ 
w accordance with the present invention. Of significance is hers 103, 113 arc used in tne ij ana / 
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the present invention. Moreover. Raman ^P^ 6 ™"?* V S«1 J^and (v\M-CsB) modubtion AM-VSB analog 

u?dU.«d tnat semiconductor optical amplifiers may also °^^^^^ s tZ^^ " " } 
S^cet^ES^ ^^rXVwSto^eop^ 

fiber 130 comprises a singkmode optical fiber whose loss Koch. „ .■ „, 

and dispersion characteristics me shown in FIG. 3. More Stimulated Raman scattering ^ » •^^KT 

wm be said Uler regarding the construction and character- I5 metric interaction between light and molecular vfcraoons. 

M« of optical fiber 130, wbicb extends over a length L Light launched in an opuca! fiber is pamaHy 

wi^out oration or dfapersion compensation. downshifted in frequency, Ibe change in opbcal fteq^ncy 

^^^^S^iS = ^ ~ ^efficKn, SOin a smglc 

receiver 105. wavelengths in the 1.4 ,«m region toward '^^^^J^^^^^^^^ia 

to sav that the 10 Qb/s channel having carrier wavelength crosstalk. ... . h 

£ is routed to one output port while another 10 Gb/s Reference is briefly made to Fia 7 wtefa 
channel having carrier wavelength X« fa routed to another 40 Raman gain ,o fused sihea liber. Due ^o SRS ua a WDM 
output oorL In turn, each of the 10 Gb/s channels are system, signals at longer wavetengths are "^J""."* 
Sred Uirieivers 115 for demodulation and conversion shorter-wavelength signals, which leads to ^^<»°°* 
from optical To electrical signaling, The lower portion of the shorter wavelength signals and noise at the longer 
F?£ I d^ ^th u^Lsio^m .be 1.55 m region where wavelengths. SRS couples M q. "SEEES 
16 channels of information are transmitted from transmitters « by up to 140 nm. although there is a MSB*"" 
121 to leceivers 125 In this wavelength region, an iiibium beyond 120 nm. If there are many wavelengths carrying 
.« JSilr^M fa oreferable Multiplexer 132 and demulti- signals, as is the most efficient and preferred way to dense 
oExefl^ flSS^afly sS to the aboveJescribed WDM transmission systems, they can all cumulatively con- 
£S^i m\S£*ffiSw 1M. Illustratively, trans- tribute energy to any signal that is earned on a wavelength 
£S£m£ ^M^Sa are communicating 7 digital 50 «P »o 120 nm longer. For an AM-VSBsignal^pa^^ 
bfon^.tioo at a 2.5 Gb/s rate. The design of the transmitters the 1.55 xm region, as indicated in ^G. 2. to ™ans that 

Ca it°fa a significant advantage that the span of optical fiber ' ' exploit the fiber for as many active wavelengths as p«ufak. 

130 within^Xork 100 may be as long as 200 kilometers FIG. 3 is a graph showing the hnear dispersion (303 ami 

£LZ tLe neeTfor disp«s&o compensation at bit rates of transmission loss (301) characteristics of » .optical fibc£ 

XgC TOsispossi^ because the dispersion of optical which is suitable for use in ? e J^>^^^ 

filw 130 fa less than about 8.0 ps/nm-km in the 1.4 /an w wavelength region shown is primarily attributable ^lo Kay- 

wavelength re5.n ^Wkdm rate of the WDM leigh scattering and hydroxyl ion (Oil) absorption. R.yleigh 

tbe^ 55 m region are about 2.5 Gb/s or less. scattering is a basic phenomenon that results from . density 

STdLJes are lo^ e^ugh ,o cover nearly aU metro- and compositional variations within the fiberma^. Ra£ 

rV lnjnr v, leifth scattering is proportional to 1/A. „ wberc K is mc 
•"JS.JSS.. second embodiment of a high-capacity 65 wavelength of «» 

optical fiber network 200 including WDM channels in the ehminated, and ^£ fc£ta** «"» 

14 ,un wavelength region operating at speeds of up to 10 1.4 ,nn region, for example, is also dctermmea oy 
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number of OH ioas thai ate present witb^tteg^Sucb 
loss arises from lightwave energy being absorbed by be OH 
ions at wavelengths that are related to its different vibration 
£££ Heretofore? operation within the 1.4 region has 
been effectively foreclosed to long-distance optical trans- 
mission (Le„ more than 10 kilometers) because of losses 
attributable 10 energy absorpiion by OH ions. Such toss w 
shown in PIG. 3 as water peak 302, which is associated with 
conventional glass fiber. Such loss is not present io glass 
... - «: ivxAm-A a crv.mneation 



index of refraction, a torch 501 is supplied with fuel (c^ 
oxygen and hydrogen) and raw material (e.g., GcO« .add 
SiCU such that the torch projects ^ponzed rawm^enal 
within a flame toward the center of the glass rod. The flame 
causes the raw material to react so as to deposit glass 
particles (soot) onto the core rod 50. The core rod typically 
extends vertically with the initial deposition at its iippccj end. 
It is then moved vertically upward and rotated so that glass 
soot is deposited along its entire length and circumference. 
7 A ... *m ..^^ i~ Ao^cit * laver of class 52, 



soot K depositee aiong ii» cum* ^"6"- " . 0 

conventional giass uu«. — - " ^ . fl ^ Another torch 502 is used to deposit a layer of gjass 52, 

fibers used in the present invention. Indeed, a speciflcahon J0 Ued ^ cladding, onto the f^,^. 1 * 0 

table for an optical liber, which is suitable for use in the terial ^Ain loro h 502 for making the cladding 52 is 

■ J 1 — ^ ~ it.* not for example. It is thus noted that, germanium doping 

of the core 51 is one way to create a core having a higher 
index of refraction than the cladding. Alternahveh/, SiO« 
is can be the raw material used in making the core 51 wnile 
auorine doping of the deposited cladding will create a 
cladding with a lower index of refraction than the core. In 
this situation, auorides such as SF 6 , COA, C* 4 are mixed 
wftb. SiCL in the cladding torch 502. Specific details regard- 
in ing different fiber fabrication processes »f f Conta ^ d '° 
Chapter 4 of the textbook Optical Fiber ™Kommwitea- 
<7o£ Z7, Academic Press, Inc., © 1988 AT&T and BeU 
Communications Research, Inc. In particular, section AAA 
(pages 169-180) deals with the VAD process and is hereby 
25 incorporated by reference. 

In the above-described VAD process, the diameter of the 
deposited cladding (D) is less than 7.5 times the diameter of 
the core (a). And because core rod fabric alio n is an expen- 
sive process, any time saved in making the core rod trans- 
30 lates directly into lower fiber cosL In fact, the amoun of 
VAD deposit required for the core rod is proportional to 
(D/d) 2 But as D/d for the core cod becomes smaller, the need 
for purity in the ovcrcladding mbc becomes greater. By 
decreasing D/d, more optical power in the fiber travels in the 
35 overcladdiug tube, and impurities such as OH ions cause 
additional absorption loss. This is because Oil ions arc 
mobile and will migrate toward the core, particularly during 
the fiber draw operation. And, even worse, OH urns can 
decompose into hvdrogen, which is much more mobile than 
OH itself; and canals© diffuse into the fiber core durmg fabeT 
draw Subsequent reaction between the hydrogen and atomic 
defects in the fiber core will cause Oil ions to form there. 
Core rods having deposited cladding/core ratios that are less 
than 2.0 require overcladding tubes having unusually tow 
45 OH content, which is not cost effective at the present tune 
Accordingly, a commercially practical range for deposited 
cladding/core ratios has been determined to be 2.0^D/d <7J> 

at SteTnumeral 42 in FIG, 4 indicates that the core rod is 
three steps (numerals 41-13) relate to tne laDricaoou uxa ^ olaciD£ it in a chlorine— or fluorine- 
core rod having a suitably low OH content ^-l~*"°f 50 

parts per billion) that can ^ # <> raclad ^ A ^^ b ^ c uTcTre rod is a porous soot body and chlorine 

Accordingly, the first three steps can * ~ SSampl* easily permeates the interstices of the soot 

single step of forming a core rod having a deposited uSv aud replaces OH ions with chlorine ions, thereby 

cladding/core ratio that is less than 7J5, ^having an OH ^^ n 7^ b ody that is substantially water free The 

content that is l«* than b, hem »ci£ 55 ^ fa ^ tQ me chloriDe gas flow 



table tor an opncai nocr, wwuu » — —7 ~ 

present invention, has been developed. However, it is not 
Intended to define the entire range of acceptable fibers and 
is presented for illustrative purposes only. 



[LLUSTRATIVCL FIBER SPCCTFlCAnON TADLC 

Maximum 

1310 am 
1385 am 
1550 am 

Mnd» field diwmetor: 

131fl nm 
1550 am 

Core/dad eccentricity 
Claddias diameter 
Cutoff wavelength 
Zero-Disperfiion Wavelength 
Dispersion 
Dispersion «k>pe 
Macrobendiog 

Costing diameter 
Proof tat 



035-0.40 dB/km 

0 dB/im 

Q 51-0.25 dB/lun 



9.3 £ 0.5 }ut> 
10.5 * 1.0 tan 
<D.& /an 
125 * 1X1 faa 
<1 260 nm 
1300-1322 am 

>0.H ps/om-tan (1335-1435 nm) 
<0.0V2 pa/nm--Jmi (mwrimura) 
<0.5 dB al 3550 nm (1 turn, 32 mm) 
<0.05 dB at 1550 nm (1O0 turns, 75 mm) 
245 * 10 nm 

100 kpei 



The present invention utilizes optical fiber having low 
loss in the 1 A /on wavelength region. By "low loss" is meant 
that the attenuation experienced by optical signals is sub- 
stantially reduced over conventional smglemode optical 
fiber. A commerciaUy viable manufacturing technique for 
manufacturing such fiber is set forth in application Scr No_ 
08/879345 entitled Optical Fiber Having Low Loss Al 138^ 
nm And Method For Making Same, which was aied on Jun. 
20, 1997 and is hereby incorporated by reference, lbe 
technique for making such fiber is briefly set forth below. 

FIG. 4 provides a general overview of a technique for 
fabricating an optical fiber having low loss at 1385 nm. 
These steps have individual numerals (41-48). The nrsl 
three steps (numerals 41-*3) relate to the fabrication of a 



conieni tnai is ic«w* uuui w.n. ■ ^ ~ 

Preferably, the core rod is fabricated by a Vapor Axial 
Deposition (VAD) process per step numeral 41 as discussed 
below: 

Core Rod Fabrication .,. UAn 

Reference is made to FIG. 5 for a discussion or the VAD 
process in which glass particles or "soot" are deposited on 
a silica starting rod. Core rod 50 comprises a core 51 whose 
index or refraction is higher than the index of refraction or 
the deposited cladding 52. It is noted that light bends toward 



resulting in a aum ■/ , a 

OH ion replacement rate is related to the chlorine gas flow 
rale and the dehydration temperature. 

Step numeral 43 in I'lO. 4 indicates that lbe core rod is 
consolidated by placing it in a helium atmosphere at a 
temperature of about 1500° C. Consolidation is the ^slep m 
which the porous soot rod is converted into a dense glass that 
is free from particle boundaries. Specific details regarding 
the dehydration and consolidation steps are provided in U.5>. 
Pat. No. 3,933,454, which issued on Jan. 20, 1976 and is 
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is the most cost-effective manner of supplying the large 
amount of heat needed for this step. Alternatively, this step 
is carried out using a hydrogen-tree plasma torch, as id. s- 
cussed below, and advantageously eliminates the need for 
etching (step numeral 45). Typically, core rods grown by the „ 
VAD process are too large to fit into overcladding lubes of 
reasonable size, and are usually stretched to decrease then- 
diameter prior to inserrion. Stretching is accomplished on a 
alass lathe whose construction is well known in the art. Tne 
core rod is mounted between the Deadstock and tailstock of 30 
the lathe for cojoint rotation therewith. As the core rod 
rotates, a torch moves below it along its central axis .at a 
constant rate toward the beadstoc*. Simultaneous with the 
movement of the torch, the taOstock moves away from the 
hcadstock, causing the core rod to be stretched to reduce its J5 
diameter. Combustible gases, such as hydrogen and oxygen 
are flowed through me torch at an exemplary rate of 30 WWS 
per minute 0 pm) and 151 pm respectively. And while the 
use of bvdrogen is commercially practical, it creates a layer 
of OH on the surface of the core rod. Core rod stretdimg is :o 
known in the art and specific dctatts are djscLoscd. *? 
example, in U.S. Pat. No. 4,578.101 that issued on Mar. 2d, 
1986. 

Core Rod bitching , . 

Step numeral 45 indicates that the elongated core rod is 25 
etched, preferably with a hydrogen-free plasma torch. A 
brief discussion of the plasma etching process is given 
below, although it is understood that other etching tech- 
niques may be employed to effectively remove OH ions 
from the rod's surface. These other etching techniques 30 
include, but are not Umiled to, mechanical grinding and 
chemical etching. 

An isothermal plasma can be used for rapidly removing 
(etching) silica and silicate glass from ^r^ofa 



overcladding tube 62, which is vertically oriented and sur- 
rounds the rod 50. Details regarding this process are coo- 
tained in U.S. Pat. No. 4,820,322. Finally, step nurneral 48 
in FIG. 4 indicates the well-known process of drawing an 
optical fiber from a heated (about 2000° C.) end portion or 

^Alttou'X various particular embodiments have been 
Bhown and described, it is understood that modifications trc 
possible within the scope of the invention, rbese modifica- 
tions include, but are not limited to: a different number of 
multiplexed channels than is shown in the embochmento of 
FIG 1 and FIG. 2; the use of semiconductor optical ampli- 
fiers rather than Erbium amplifiers or Raman amplifiers, 
non-uniform spacing of WDM channels, and operation at 
data rates other than disclosed. 
What is claimed is: 

1. A wavclength-division-multrplexing (WDM) system 

including: , 

a first multiplexer, opcrativcly interconnecting a plurality 
of digital information channels onto a transmission 
path; « 
a transmission path including an optical fiber span whose 
length (L) exceeds 10 kilometers and whose zero 
dispersion wavelength (>*) is about 1310 mm, 
CHARACTERIZED IN THAT 

the optical fiber has a loss at 1385 cm. which is less than 
its loss at 1310 am, and a chromatic dispersion of 
between 1.5 and 8.0 ps/om-km in the 1.4 /an wave- 
length region; and 
wherein the first multiplexer provides at least three chan- 
nels of WDM signals in the 1.4 /an wavelength region 
onto the iransinission path. 
2 The WDM system of claim 1 wherein each or tnc 
multiplexed channels comprises digital information having 



fetching) silica and si heats glass tram mo uu«i - ui^v^ ^"T" , "TV, . 

diss rod (see. e.g. U.S. Pat. No. 5,000,771). With bd 3S at a data rate of at least 5 Gb/s. 
glass rou * ^o,,;^ fhr ■* Th^ wnM «vstem of cla 



isothermal plasma torch, the predominant mechanism tor 
material removal is vaporiration due to the high plasma 
temperature, which can typically attain levels greater than 
9000° C in the plasma center. Contact of the electrically 



3 The WDM system of claim 2 wherein each of the 
multiplexed channels comprises digital information having 
at a data rale of al least 10 Gb/s, 

4 The WDM system of claim 1 wherein tbe central 



ormh B r In the olasma center. Contact of the electrically 4. A he wum sysicm vl * 7\i7™ *,^h 

ZLSvc fithall^hc refractory *cloc.ric surface « wavelong.* ,of adjac*, t Ml. - separated from eacb 
1 , , A ,ha curfare. and raises the other bv 200 GHz or less. . . „ 



conouenvu ™ — i. , rUm 

efficiently transfers energy to the surface, and raises die 
surface temperature above the vaporization point of the 
dielectric materials thereon. 

Overall fiber cost is reduced through the use of larger 
ovcrcladdintt tubes. Preferably, the tube comprises synthetic 
silica, which is known for its high purity, low aUenuaOoc, 
and high tensile strength. The purity of the overcladding 
tube will determine just how close to the core it can be 
placed Step numeral 46 indicates that the core rod is 



other by 200 GHz or less. 

5 The WDM system of claim 1 further including - 
channel of modulated optical signals in the 1.3 /im wave- 

k "cf The WDM system of claim 5 wherein the modulation 
scheme of said channel in the 1.3 ftm wavelength region 
comprises amplitude modulated, vestigial sideband (AM- 
VSB) modulation. , „ J1 , 

7. The WDM system of claim 1 further including at least 



i~ *~. »Vi?sf >ic ttif» v»tnfi of D/d becomes smaller, the wavelcnnth regions. _ . . _ 



overciaa wiui a. * "»b - - — . ~ J 1t 

which is to say that as the value of D/d becomes smaller, the 
purity of the tube needs to be higher (i.e., its OH content 
needs to be lower). For example, the following table illus- 
trates various OH concentration levels in the overcladding 
tube that are suitably low for use in the present invention; 



D/d 


OH Concentration 




7.S 


<200 ppm 


60 


5.2 


«Jl-0 ppm 




4.4 


<0.5 ppm 





Step numeral 47 in hlCi. 4 indicates that the glass tube is 
oow collapsed onto the core rod to create a preform i 60. 
whose cross section is shown in FIG. 6. Collapse is illus- 
tratively achieved by using a ring-type torch to beat tie 



wavelength regions. , . . 

8 The WDM system of claim 7 wherein the modulation 
scheme of said channel in the 1.55 .«m wavelength region 
comprises amplitude modulated, vestigial sideband (AM- 

modulation. .... j 

9 The WDM system of claim 7 further including a second 
multiplexer mat operalively interconneds a plurality of 
digital information channels onto the transmission path in 
the 1.55 ^rai wavelength region. 

10 Tbe WDM system or claim 9 wherein each or the 
digital information channels in the 1.55 /an wavelength 
region have ot a data rate of at least 2.5 Gb/s. 

11. The WDM system or claim 1 further including a 
plurality of transmitters, operatively interconnected to the 
65 first multiplexer, each of said transmitters providing modu- 
lated optical signals at predetermined wavelengths that are 
different from each other. 
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12. ine WDM system of claim 1 further including at leasl 
one channel of modulated optical signals in the 1.55 fun 
wavelength region. 

13. The WDM system of claim 12 wherein said at least 
one channel in the 155 fan wavelength region comprises 5 
analog signals that have been modulated using amplitude 
modulated, vestigial sideband (AM-VSB) modulation. 

14. The WDM system of claim 12 further including a 
second demultiplexer fior interconnecting the optical trans- 
mission path to a plurality of receiver, wherein said at least 10 
one channel in the 1.55 fan wavelength region comprise a 
plurality of digital information channels. 

15. The WDM system of claim 14 wherein each of the 
digital information channels in the 1.55 am wavelength 
region are operating at a data rate of 2,5 Gb/s or less. J 5 

16. A wavelcugth-division-multiplexing (WDM) system 
including: 

a first demultiplexer for interconnecting an optical trans- 
mission path having a plurality of digital information 
channels to a plurality of receivers; 20 

a transmission path, including an optical liber span whose 
length (L) exceeds 10 kilometers and % vho.se zero 
dispersion wavelength (Xq) is about L3J0 orn, 

aiARACTERJZED IN TTIAT ^ 

the optical fiber has a loss at 1385 nm, which is less than 
its loss at 1310 nm, and a chromatic dispersion of 
between 1.5 and 8.0 ps/nm-km in tbe 1.4 wave- 
length region, and 

wherein the first demultiplexer receives at least three 30 
channels of multiplexed optical signals in the 1.4 fan 
wavelength region from the transmission path. 

17. The WDM system of claim \6 wherein each of the 
multiplexed channels comprises digital information having 

at a data rate of at least 5 Gb/s per second. 35 

18. The WDM system of claim 17 wherein each of the 
multiplexed channels comprises digital information having 
at a data rate of 10 Gb/s. 

19. l*be WDM system of claim 16 further including a 
channel of modulated optical signals in the 1.3 /um wave- 40 
ienglh region. 

20. The WDM system of claim 19 wherein the modulation 
scheme of said channel in the 1.3 /mi wavelength region 
comprises amplitude modulated, vestigial sideband (AM- 
VSB) modulation. 45 

21. Wavelength-division multiplexed optical waveguide 
system including: 

a first transmitter for generating, modulating, and multi- 
plexing modulated channel carriers for introduction 
outo a transmission line, the first transmitter being 50 
charactcri7jcd by an "average system wavelength" 
within the 1.4 /on wavelength region; 

a first receiver for performing functioas including demul- 
tiplexing modulated channel carriers; 

a transmission line of optical fiber including at least one 
fiber span defined at one end by a transmitter and at the 
other end by a receiver, in which the optical fiber has 
a zero dispersion wavelength (7^) at about 1310 nm 



CHARACTERIZED IN THAT 

substantially all fiber defining the span has a chromatic 

dispersion of between 1.5 and 8.0 ps/nm-km at tbe 

average system wavelength; and 
substantially all fiber defining the span has a transmission 

loss at 1385 nm that is less than its transmission Loss at 

1310 nm. 

22. System of claim 21 wherein the first transmitter 
provides at least three high-capacity digital information 
channels, each of the digital information channels operating 
at&5.0Gb/s. 

23. System of claim 21 wherein each of the digital 
information channels operating at about 10 Gb/s or higher. 

24. System of claim 21 further including one or more 
optical amplifiers, which provide amplification in the 1.4 /an 
wavelength region, said amplifiers comprising Raman 
amplifiers. 

25. System of claim 21 further including a channel 
operating at about 1550 nm, said channel comprising analog 
video information. 

26. System of claim 21 further including a channel 
operating at about 1310 nm. said channel comprising analog 
video information. 

27. System of claim 21 further including: 

a second transmitter for generating, modulating, and 
multiplexing modulated channel carriers for introduc- 
tion onto a transmission line, the second transmitter 
providing a plurality of multiplexed data channels in 
the 1.55 /mi wavelength region; and 

a second receiver for performing functions including 
demultiplexing modulated channel carriers in the 1.55 
jum wavelength region. 

28. Wavelength-division multiplexed optical waveguide 
system including: 

apparatus for transmitting and receiving a plurality of 
digital information channels, each channel operating at 
a different wavelength within the 1 .4 fan region at a 10 
Gb/s rate; 

apparatus for transmitting and receiving a plurality of 
digital information channels, each channel operating at 
a different wavelength within the 1-55 fan region at a 
2.5 Gb/s rate; 

a transmission line comprising a length (L) of optical fiber 
extending between the transmitting and receiving appa- 
ratuses without dispersion compensation, wherein the 
length (L) is between 10 kilometers and 200 kilome- 
ters; and 

wherein the optical fiber is characterized by (i) a zero- 
dispersion wavelength at about 1310 nm, (ii) a disper- 
sion that is less than about 8.0 ps/nm-km for alt 
channels in the 1.4 fan region, and (iii) a transmission 
loss at 1385 nm that is less than its transmission loss at 
1310 nm. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,205.268 Bl ™& c 1 OI 

DATED : March 20. 2001 

INVENTOR(S) : Chraplyvy ct aL 

It is certified thai error appears in the above-identitied patent and that said Letters Patent is 
hereby corrected as shown below: 



Title oage. Item T541 anr * <H»rnn L 

Lines 1-3. ARfL\NGEMENTOF OPTICAL FIBER SEGMENTS FOR MINIMIZING 
EFFECT OF NON-LINEARITIES" should be corrected to read - HIGH-CAPACITY 
OPTICAL FIBER NETWORK OPERATING IN THE 1.4^M REGION - 



Signed and Sealed this 
Fourth Day of December, 2001 



NICHOLAS P. GODIC1 
Attesting Officer Acting Director of the linked States Patent end Trademark Office 
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